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WIRELESS COMMUNICATION APPARATUS 
AND WIRELESS COMMUNICATION 
METHOD USING BLUETOOTH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the ben 
e?t of priority from prior Japanese Patent Application No. 
2007-331091, ?led Dec. 21, 2007, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to Wireless communi 
cation apparatus and method. For example, the present inven 
tion relates to a method of effectively transferring non 
streaming data in addition to real-time data. 
[0004] 2. Description of the Related Art 
[0005] According to Bluetooth (trademark), home electri 
cal appliances are simply connected Without using electric 
cords so that they make Wireless communications With each 
other. The foregoing Bluetooth is given as one of short-dis 
tance Wireless data communication technical standards pub 
lished by Bluetooth SIG (Special Interest Group). 
[0006] For example, audio data transfer from an audio 
player to a car stereo is given as communication using the 
Bluetooth. In this case, the communication using the Blue 
tooth requires real-time processing for reproducing the audio 
data. In other Words, streaming technique is required. 
[0007] Conventionally, the folloWing tWo methods have 
been employed. According to one method, streaming is 
executed in accordance With a transmission line condition. If 
the transmission line condition is Worsened, data to be trans 
ferred is securely transferred in a state of being much less 
compressed. According to another method, relatively need 
less packets are deleted in data transfer. The foregoing meth 
ods are disclosed in Jpn. Pat. Appln. KOKAI Publications No. 
2003-309541 and 2003-152736. Preferentially, data is con 
tinuously received from the data original device rather than 
searching for and connecting to other devices having a Blue 
tooth function. Actually, the priority of executing the search 
and connection processing to other devices having a Blue 
tooth function is set higher than continuous data reception 
from the data original device. Previously considering the case 
Where the transmission line condition is Worsened, many 
chances of data transfer are given to the data original device. 
In this Way, data is continuously received from the data origi 
nal device, and further, data retransmissions are repeated. 

BRIEF SUMMARY OF THE INVENTION 

[0008] A Wireless communication apparatus Which is 
capable of communicating With a ?rst Wireless terminal hold 
ing a ?rst data packet by Bluetooth, includes: 
[0009] a search unit reserving a search of a second Wireless 
terminal different from the ?rst Wireless terminal, and execut 
ing the search When the reservation is alloWed; 
[0010] a ?rst transceiver transmitting the ?rst and second 
control packets to the ?rst Wireless terminal, and receiving the 
?rst data packet and a second data packet folloWing the ?rst 
data packet from the ?rst Wireless terminal, the ?rst control 
packet transmitted from the ?rst transceiver giving a noti? 
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cation of a transfer start of the ?rst data packet, the second 
control packet giving a noti?cation of a transfer start of the 
second data packet; 
[0011] a ?rst controller reserving a transmission of the sec 
ond control packet to the ?rst Wireless terminal, the ?rst 
controller giving instructions to transmit the second control 
packet to the ?rst transceiver When the transmission of the 
second control packet is alloWed; and 
[0012] a scheduling unit accepting the reservation from the 
?rst controller and the search unit, the scheduling unit pref 
erentially alloWing a transmission of the second control 
packet compared With the search, and alloWing the search 
When no reservation of the transmission of the second control 
packet is made. 
[0013] A Wireless communication method according to an 
aspect of the present invention includes: 
[0014] causing a second Wireless terminal having a control 
function With respect to a ?rst Wireless terminal to transmit a 
?rst control packet to the ?rst Wireless terminal referring to a 
priority table holding a transmission priority order for each 
kind of the packet to be transmitted to the ?rst Wireless ter 
minal, the ?rst control packet being a packet for receiving a 
?rst data packet from the ?rst Wireless terminal making Blue 
tooth communications; 
[0015] causing the ?rst Wireless terminal to transmit the 
?rst data packet to the second Wireless terminal in response to 
the ?rst control packet; 
[0016] causing the second Wireless terminal to further 
transmit a second control packet for receiving a second data 
packet to the ?rst Wireless terminal according to the priority 
table after receiving the ?rst data packet; and 
[0017] causing the second Wireless terminal to search a 
third Wireless terminal according to the priority table after the 
reception of the ?rst data packet from the ?rst Wireless ter 
minal ends. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] FIG. 1 and FIG. 2 are block diagrams shoWing the 
con?guration of a Wireless communication system according 
to one embodiment of the invention; 
[0019] FIG. 3 is a vieW shoWing a frequency band used for 
the Wireless communication system according to one 
embodiment of the invention; 
[0020] FIG. 4 is a conceptual vieW shoWing a communica 
tion state according to a communication method used by the 
Wireless communication system according to one embodi 
ment of the invention; 
[0021] FIG. 5 is a vieW shoWing a data format used for the 
Wireless communication system according to one embodi 
ment of the invention; 
[0022] FIG. 6 is a conceptual vieW shoWing data transmit 
ted and received in the Wireless communication system 
according to one embodiment of the invention; 
[0023] FIG. 7 is a block diagram shoWing the con?guration 
of a Wireless communication system according to one 
embodiment of the invention; 
[0024] FIGS. 8 to 11 are conceptual vieWs to explain a 
connection processing in the Wireless communication system 
according to one embodiment of the invention; 
[0025] FIG. 12 is a table shoWing the priority according to 
one embodiment of the invention; 
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[0026] FIG. 13 is a ?owchart to explain the procedure by a 
scheduling unit according to one embodiment of the inven 
tion; 
[0027] FIGS. 14 and 15 are ?owcharts to explain the opera 
tion by a wireless communication system according to one 
embodiment of the invention; 
[0028] FIG. 16A and FIG. 17A are conceptual views show 
ing data transmitted and received in the wireless communi 
cation system according to one embodiment of the invention, 
and show the data transfers that a master 1 prefers against 
slave 2; 
[0029] FIG. 16B and FIG. 17B are conceptual views show 
ing data transmitted and received in the wireless communi 
cation system according to one embodiment of the invention, 
and show the data transfers that a master 1 prefers against 
slave 3; 
[0030] FIG. 16C and FIG. 17C are conceptual views show 
ing data transmitted and received in the wireless communi 
cation system according to one embodiment of the invention, 
and show an operation that a connection processor 13 of a 
master 1 requests a connection processing; and 
[0031] FIG. 16D and FIG. 17D are conceptual views show 
ing data transmitted and received in the wireless communi 
cation system according to one embodiment of the invention, 
and show a state of the procedure actually allowed an 
executed by a controller 30. 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] One embodiment of the invention will be hereinafter 
described with reference to the accompanying drawings. 
[0033] Wireless communication system and method 
according to one embodiment of the invention will be 
described below with reference to FIG. 1. FIG. 1 is a concep 
tual view showing the con?guration of a wireless communi 
cation system according to this embodiment, and shows a 
wireless communication system conformable to a Bluetooth 
standard. 
[0034] <Con?guration of Piconet> 
[0035] As shown in FIG. 1, a wireless communication sys 
tem 1 includes a wireless communication apparatus 1 and 
wireless communication terminals 2 and 3. The wireless com 
munication apparatus 1 receives a plurality of wireless com 
munication terminals 2 and 3 to form a wireless communica 
tion system conformable to the Bluetooth standard. 
According to this embodiment, the wireless communication 
system is connected with the wireless communication appa 
ratus 1 in an ad hoc mode to form a network. The foregoing 
network is called a Piconet in the Bluetooth standard. In the 
wireless communication system, an ad hoc mode communi 
cation means the following mode of communication. Accord 
ing to the mode of communication, communications are made 
between terminals without requiring an access point such as a 
wireless base station. The foregoing ad hoc mode communi 
cation is called an independent basic service set (IBBS) in the 
IEEE 802.11 standard. 
[0036] The wireless communication apparatus 1 of FIG. 1 
is an apparatus having a control function with respect to the 
wireless communication terminals 2 and 3 received in the 
Piconet. The apparatus 1 is hereinafter referred to as a master 
1. 
[0037] The wireless communication terminals 2 and 3 of 
FIG. 1 are apparatuses, which are operated according to 
instructions from the master 1, and hereinafter, referred to as 
slave. In other words, the slave means apparatuses except the 
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apparatus (master 1) having a control function. The slave 
acquires a clock of the master in the belonging Piconet, and 
calculates offset with a clock of the slave, and thereby, takes 
synchronization with the master. Thus, the slave transfers 
data according to the clock of the master. FIG. 1 of this 
embodiment shows the case where the wireless communica 
tion terminal included in the Piconet is two. But, it is de?ned 
that the number of the wireless communication terminals can 
be up to seven in maximum. This is because information 
recognizing the master and the slave included in data 
exchanged in the Piconet comprises 3 bits. One Piconet has 
seven slaves to the maximum; therefore, wireless communi 
cations are made between eight apparatuses including the 
master to the maximum. The data format transmitted and 
received in the Piconet will be described later. 
[0038] According to the Bluetooth standard communica 
tion, data held by the slave 2 is transferred to the slave 3, for 
example. In this case, the data of slave 2 is transferred to the 
slave 3 via the master 1. Likewise, communications are made 
via the master 1 in the case where data held by the slave 3 is 
transferred to the slave 2. 
[0039] Namely, when data is transferred between slaves 2 
and 3 in the Piconet, a data exchange is always made via the 
master 1. This is because the master 1 controls all of the data 
transfer in the Piconet. 
[0040] Each function of the master 1, slaves 2 and 3 in the 
Piconet is always exchangeable. Usually, the function each of 
the master and the slave is assigned when the Piconet is 
formed. In this case, even if the master is ridded of the Pico 
net, the apparatus functioning as the slave so far is changed to 
be the master, and thereby, a new Piconet is formed. 
[0041] The Piconet shown in FIG. 1 can exist several, and 
these several Piconets form one network. FIG. 2 is a concep 
tual view showing a state that a plurality of Piconets is formed 
in a state of being connected like beads. 
[0042] As illustrated in FIG. 2, a plurality of Piconets PN 
(A) and PN (B) exists in a state of being scattered, and these 
Piconets are included in a state of connected like beads. The 
foregoing network is called a scattemet. The Piconet PN (A) 
is formed of slaves 6, 7 and master 5. 
[0043] The master 5 operates as a master of the Piconet PN 
(A), and simultaneously, operates as a slave with respect to a 
master 4 of the scatternet. The Piconet PN (B) is formed of a 
slave 9 and a master 8. 

[0044] The master 8 operates as the master of the Piconet 
PN (B), and simultaneously, operates as a slave with respect 
to the master 4 of the scattemet. In this case, the master 
controlling the scattemet is one. 
[0045] The masters 5 and 8 of the Piconets PN (A) and PN 
(B) each have a function as a slave with respect to the master 
4 of the scatternet. Simultaneously, these masters 5 and 8 each 
have a function as a master with respect to slaves in the 
Piconets PN (A) and PN (B). This is because one device 
cannot function as the master of some Piconets to make 
synchronization between Piconets. 
[0046] FIG. 2 shows an example in which one master con 
trols slaves included in the scattemet. But, some masters can 
control slaves included in the scatternet. The master 4 con 
trols the slaves 6 and 7 via the master 5. But, the slaves 6 and 
7 cannot simultaneously receive instructions from the masters 
4 and 5. For this reason, transmitted and received data is 
divided into slots, and data transfer is carried out using time 
division multiplex. The same operation as above is carried out 
in the Piconet PN (B). 
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[0047] <Communication Method> 
[0048] A frequency band used for the Bluetooth standard 
Will be described below With reference to FIG. 3. FIG. 3 is a 
vieW showing a frequency band usable in the Piconet accord 
ing to this embodiment. As depicted in FIG. 3, a frequency 
band used betWeen the master 1 and the slaves 2, 3 according 
to this embodiment is 2.4 [GHZ] band predetermined by the 
Bluetooth standard. Speci?cally, a frequency from 2.402 to 
2.480 [GHZ] is divided into 79. That is, communications are 
carried out using any frequency of 2.402 [GHZ], 2.403 [GHZ], 
2.404 [GHZ], . . . , 2.480 [GHZ]. According to the Bluetooth 

standard communication, a transmission speed is 1 [Mbps] to 
the maximum. A channel used for SCO link and ACL link 
exists in the frequency band. The foregoing link, that is, SCO 
link and ACL link Will be described later. 
[0049] According to the communication conformable to 
the Bluetooth standard, a frequency hopping type spectrum 
diffusion method is used, and thereby, a frequency assigned to 
79 divisions is changed 1600 times for one second. In this 
Way, interference With another device is reduced; namely, 
radio Wave interference is prevented. Typically, a Wireless 
LAN system conformable to IEEE 802.11 standard and a 
home appliance such as a microWave oven are given as an 
apparatus using a frequency 2.4 [GHZ] band. According to the 
Bluetooth standard, the foregoing frequency hopping type 
spectrum diffusion method is used, and thereby, it is possible 
to prevent radio Wave interference With the apparatuses using 
the frequency 2.4 [GHZ] band. 
[0050] FIG. 4 is a conceptual vieW to explain a frequency 
hopping type spectrum diffusion method in communications 
conformable to the Bluetooth standard. In FIG. 4, the vertical 
axis takes an elapsed time, and the horiZontal axis takes a 
frequency used at that time. FIG. 4 shoWs a state that the 
master 1, slaves 2 and 3 forming the Piconet change the using 
frequency band for each time (hopping). According to the 
communication conformable to the Bluetooth standard, the 
using frequency is changed 1600 times for one second. Thus, 
time of transferring data is 625 [p.sec] While a frequency is 
kept constant. In FIG. 4, a value 0t denotes 625 [p.sec]. A 
section for each 625 [usec] calls one slot. The slot Will be 
described later. 
[0051] As seen from FIG. 4, a frequency f1 used at a certain 
time t1 is changed to a frequency f2 at time (t1+0t). LikeWise, 
the frequency f2 used at the time (t1+0t) is changed to a 
frequency f3 at time (t1+20t), and the frequency f3 used at 
time (t1+20t) is changed to a frequency f4 at time (t1+30t). In 
other Words, the frequency is changed every 625 [p.sec]. As 
described above, according to the communication conform 
able to the Bluetooth standard, the frequency is sequentially 
changed, and thereby, frequency interference With other 
devices using 2.4 [GHZ] band is prevented as possible as can. 
[0052] A link method When Wireless communications are 
made betWeen the master 1 and slaves 2, 3 shoWn in FIG. 1 
Will be described beloW. 
[0053] The folloWing tWo links are given as a link method 
betWeen master and slave according to the Bluetooth stan 
dard. One is a synchronous connection oriented (SCO) link, 
and another is an asynchronous connection oriented (ACL) 
link. The foregoing SCO link is a point-to-point link of a 
master With one speci?ed slave, and used for a telephone 
quality voice bi-direcional 64 [Kbps] communication. In the 
voice communication using the SCO link, even if a packet is 
not transmitted during communication resulting from a 
change for the Worse of a transmission line condition, there is 
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no need of retransmitting the same packet as above. On the 
contrary, the foregoing ACL link is a point-to-multi-point link 
of the master With some slaves, and used for data transfer 
betWeen the master and the slaves. With a change for the 
Worse of the transmission line condition, even if a packet from 
the master or slave is not transmitted during communications, 
the packet is retransmitted, and thereby, a constant quality is 
compensated. 
[0054] According to this embodiment, data transfer is car 
ried out using the ACL link of the foregoing tWo links. Here 
inafter, data transfer means communications according to the 
ACL link method. 
[0055] The folloWing is an explanation about DH packet 
and DM packet used for data transfer. 
[0056] The foregoing DH packet means a packet, Which 
does not include a forWard error correction code (FEC). The 
DM packet means a packet including the forWard error cor 
rection code (FEC). 
[0057] If the transmission line condition is good, the DH 
packet including no forWard error correction code is used. 
Conversely, if the transmission line condition is not good, 
data transfer is carried out in a state that the packet is changed 
to the DM packet including the forWard error correction code. 
In accordance With the transmission line condition, an 
amount of data of transferred DH packet or DM packet may 
be changed. 
[0058] According to this embodiment, an explanation is 
given using the DH packet in particular. HoWever, the data 
transfer operation is the same as the DM packet. 
[0059] A data format of packet transferred betWeen the 
master 1 and the slaves 2, 3 Will be described beloW With 
reference to FIG. 5. FIG. 5 shoWs a data format transmitted 
and received betWeen the master 1 and the slaves 2, 3. 
[0060] Roughly speaking, the data format includes an 
access code, a packet header and a payload. 
[0061] The access code has data length of 68 or 72 [bits]. 
According to an access code transmitted from the master 1, 
the slaves 2 and 3 recogniZe a Piconet to Which themselves 
belong, and take communication synchronization in the Pico 
net. In other Words, according to the access code, the master 
and the slave in the Piconet can distinguish from each other. 
When the master 1 searches (execute inquiry processing) the 
slaves 2 and 3, the master 1 transmits data comprising the 
access code only. On the data transmission using the access 
code only, the data format has a data length of 68 [bits]. When 
a packet header is transmitted after the access code, the data 
format has a data length of 72 [bits]. 
[0062] The packet header has a data length of 54 [bits]. 
With the packet header, communication control is mainly 
carried out. The beginning of the packet header is provided 
With “AM_ADDR”. The “AM_ADDR” has a value of 3 
[bits]. The “AM_ADDR” includes addresses for recogniZing 
seven slaves to the maximum. Namely, the “AM_ADDR” has 
values “001”, “010”, “01 1”, . . . , “1 1 1”. Speci?cally, the value 

of the “AM_ADDR” is composed of 3 [bits]; therefore, the 
number of slaves receivable in the Piconet is determined as 
seven to the maximum. In addition, control data includes 
information shoWing the foregoing SCO or ACL link. 
[0063] The payload has a data length from 0 to 2745 [bits]. 
The payload includes content data transmitted and received 
actually betWeen the master 1 and the slaves 2, 3. 
[0064] A communication method betWeen the master 1 and 
the slaves 2, 3 in the Piconet Will be roughly described With 
reference to FIG. 6. FIG. 6 is a conceptual vieW shoWing a 
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state that the master 1 gives a ?xed period for data transfer to 
the slaves 2 and 3, and data transfer is made for each slot. 
[0065] The slot Will be described below. A unit used as a 
reference of timing When each packet is transmitted and 
received is called as slot. As described in FIG. 4, the fre 
quency is hopped, and thereby, the using frequency is 
changed every 625 [usec]. The slot means a section having a 
constant frequency until the current frequency is changed to 
the next frequency in a hopping process of the frequency used 
for the Piconet. Namely, the section of one slot is 625 [usec], 
as seen from FIG. 6. 

[0066] Each slot is further added With a serial number “0”, 
“l”, “2” . . . according to a timer included in the master 1. 

Hereinafter, the foregoing number calls a slot number SN. 
The slaves 2 and 3 in the Piconet synchroniZe a clock gener 
ated by the master 1. Thus, the slaves 2 and 3 can recogniZe a 
slot SN currently used by the master 1. In this case, as seen 
from FIG. 6, the master 1 transmits data from a slot added 
With an even number. The slaves 2 and 3 transmit data from a 
slot added With an odd number adjacent to the ?nal packet 
transmitted at the even slot timing from the master. According 
to the Bluetooth standard, time division multiplex communi 
cations are made; therefore, data transmission and reception 
are alternately carried out according to the slot number added 
to the slot on the time axis as shoWn in FIG. 6. 

[0067] Data transfer betWeen the master 1 and the slaves 2, 
3 is made using any of three packet lengths, that is, DHl, DH3 
and DH5. The longer the packet length is, the more an amount 
of data once transferred becomes. A DH packet includes 
transmitter and receiver addresses When data transmission 
and reception betWeen the master 1 and the slaves 2, 3 is 
carried out. The DH packet further includes transmitted con 
tent data. Namely, DH3 packet and DH5 packet aggregate the 
DHl packet transmitted and received at one slot unit. Thus, 
these DH3 packet and DH5 packet can transfer a large num 
ber of data as compared With the DHl packet at once. Spe 
ci?cally, if data transfer to be transferred from the slaves 2 and 
3 is little, the DHl packet is used. Conversely, if the data 
transfer is much, aggregated DH3 packet and DH5 packet are 
transferred using a plurality of slots at once. When the DH 
packet is transferred, different frequency is usually used 
every slot. HoWever, When aggregated DH3 packet and DH5 
packet are transmitted, a plurality of slots using the same 
frequency is used. 
[0068] The folloWing is an explanation about a data transfer 
alloWable period (TPOLL) shoWing a period When the master 
1 alloWs the slaves 2 and 3 to transfer data. The foregoing 
TPOLL indicates a ?xed period When the master gives trans 
mission chances to each slave, and the unit is slot. Speci? 
cally, in a plurality of slots included in the TPOLL, the master 
and a slave can continuously make communications. Herein 
after, the foregoing communications Will be described. 
[0069] If a maximum transmission unit (MTU) value of the 
slaves 2 and 3 is different, a TPOLL value obtained from the 
MTU value shoWs a different value. The foregoing MTU 
shoWs the maximum value of data transferred by the slaves 2 
and 3 in one-time data transfer. Hereinafter, TPOLLs 
assigned to the slaves 2 and 3 call TPOLL2 and TPOLL3. As 
shoWn in FIG. 6, the TPOLL2 to the slave 2 is “10”, and the 
TPOLL3 to the slave 2 is “8”. In other Words, a data trans 
mittable period is different betWeen the foregoing TPOLL2 
and TPOLL3. Even if the slaves 2 and 3 have the same MTU 
value, data processors 23 and 28 (described later) included in 
the master 1 changes a data transfer rate for receiving from the 
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slaves 2 and 3. In this Way, the TPOLL values of the slaves 2 
and 3 are set to be different from each other. 

[0070] Incidentally, the value of the foregoing TPOLL2 and 
TPOLL3 may be the same. HoWever, particularly, When the 
TPOLL value is the same, timing of transmitting a POLL 
packet from the master 1 to the slaves 2 and 3 has a need to be 
shifted, as seen from FIG. 6. Namely, start timing of TPOLL2 
and TPOLL3 must be made different. Because, each POLL 
packet transmission to the slaves 2 and 3 is a processing of 
being necessarily executed for each TPOLL section. In addi 
tion, When receiving the POLL packet from the master 1, the 
slaves 2 and 3 start data transfer. Speci?cally, as shoWn in 
FIG. 6, the master 1 transmits a POLL packet to the slave 2 at 
the slots SN:“6”, “l 6” While transmits a POLL packet to the 
slave 3 at the slot SN:“l2”. In other Words, data processors 23 
and 28 calculate TPOLL2 and TPOLL3 periods based on 
each MTU of the slaves 2 and 3. Then, the master 1 transmits 
a POLL packet at the calculated TPOLL2 and TPOLL3 peri 
ods. As a result, the slaves 2 and 3 receiving the POLL packet 
from the master 1 have data transfer alloWance at the forego 
ing given TPOLL period. Speci?cally, data transferable tim 
ing by the slave 2 is a slot SN:odd numbers in the TPOLL2. 
Moreover, data transferable timing by the slave 3 is a slot 
SN:odd numbers in the TPOLL3. 

[0071] The kind of packet transmitted and received 
betWeen the master 1 and the slaves 2, 3 Will be described 
beloW. A POLL packet, a data packet, a NULL packet, a DH 
packet and a DM packet are given as the kind of data. The unit 
calling the slot is used as a reference of timing When these 
packets are transmitted and received. 

[0072] The POLL packet is a packet such that When making 
a data exchange With slaves 2 and 3, the master 1 transmits 
this POLL packet at even slot timing necessarily once per 
each TPOLL. In this Way, the master 1 asks Whether or not 
data to be transmitted exists With respect to the slaves 2 and 3. 
Thus, the master 1 gives a data transfer chances to slaves 2 and 
3 holding data. When receiving the POLL packet, the slaves 2 
and 3 make a reception acknoWledge response. The POLL 
packet is provided With the folloWing information. One is 
information shoWing the transmitter, that is, the master 1. 
Another is information shoWing address of any of the slaves 2 
or 3. Namely, the master 1 and the slaves 2 and 3 mutually 
con?rm the transmitter and address information added to the 
POLL packet. In this Way, data transmitted and received 
betWeen the master 1 and the slaves 2, 3 is identi?ed; there 
fore, communications are possible Without an error. When 
receiving a POLL packet, Which is not addressed for them 
selves, the slaves 2 and 3 recogniZe that the POLL packet is 
not for themselves, and then, ignore the POLL packet. The 
other data packets, i.e., NULL packet, DH packet and DM 
packet include information capable of recogniZing each other 
likeWise. 

[0073] The data packet is transmitted from an even slot 
When data transfer With the slaves 2 and 3 is made, like the 
POLL packet. The data packet further includes a role of 
giving data transfer chances to the slaves 2 and 3, in addition 
to frequency band noti?cation, for example, Which is not used 
in the Piconet. For example, if a Wireless LAN system con 
formable to IEEE 802.1lb exists near the Piconet including 
the master 1, slaves 2 and 3, the data packet includes the 
folloWing information. That is, information for executing 
control so that a con?ict With a frequency channel used by the 
Wireless LAN system does not occur. 
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[0074] If the master 1 is a transmitter holding data, the data 
packet is transmitted from an even slot in the case Where data 
is transmitted to the slaves 2 and 3. 
[0075] Thus, the foregoing DH packet and DM packet are 
one of the data packets. 
[0076] The NULL packet is a reception acknowledge 
response packet, Which is transmitted When the slaves 2 and 3 
received the POLL packet transmitted from the master 1 has 
no data to transfer. Namely, a slave receiving the POLL 
packet from the master 1 must alWays transmits the DH 
packet or DM packet or NULL packet. When data transfer 
from the slave 2 is made in response to the POLL packet or the 
data packet, the master 1 determines that there is a need of 
further receiving data from the slave 2. In this case, the master 
1 transmits a NULL packet to the slave 2 in order to receive 
the next data. The slave 2 has no need to make a reception 
acknowledge response With respect to the reception of the 
NULL packet transmitted from the master 1. Namely, When 
the next data transfer from the slave 2 ends, the slave 2 has no 
need to make a reception acknoWledge response With respect 
to the NULL packet even if the master 1 sends the NULL 
packet. 
[0077] <Con?guration of the Master 1> 
[0078] The internal con?guration of the master 1 shoWn in 
FIG. 1 Will be described With reference to FIG. 7. FIG. 7 is a 
block diagram shoWing the con?guration of a master 1 
according to this embodiment. According to this embodi 
ment, for example, the slave 2 is set as an audio reproduction 
apparatus, and the slave 3 is set as an apparatus such as PDA 
holding character data. Namely, transfer data from the slave 2 
is streaming data requiring real-time characteristic. Transfer 
data from the slave 3 is non-streaming data, Which does not 
require real-time characteristic. 
[0079] As shoWn in FIG. 7, the master 1 mainly includes an 
antenna 10, a packet transceiver (RF unit) 11, a link controller 
12, a connection processor 13, a streaming data transfer 14, a 
non-streaming data transfer 15 and a speaker 27. 
[0080] The antenna 10 receives a Wireless signal (RF sig 
nal: Bluetooth packet) transmitted from the slaves 2 and 3, 
and transmits the Wireless signal to the slaves 2 and 3. 
[0081] When receiving a Wireless signal, the packet trans 
ceiver 11 doWn-converts a 2.4 [GHZ] band Wireless signal 
(Bluetooth packet) received by the antenna 10 to divide the 
received signal into streaming data ad non-streaming data. 
Thereafter, the packet transceiver 11 supplies the divided 
streaming packet and non-streaming packet to the link con 
troller 12. When transmitting the Wireless signal, the packet 
transceiver 11 up-converts streaming packet and non-stream 
ing packet independently supplied from the link controller 12 
to a 2.4 GHZ band Wireless signal, and then, transmits them 
via the antenna 10. 
[0082] The link controller 12 supplies streaming packet and 
non-streaming packet doWn-converted by the packet trans 
ceiver 11 to the streaming data transfer 14 and the non 
streaming data transfer 15, respectively. 
[0083] In other Words, the link controller 12 supplies a 
packet received from the slave 2 to the streaming data transfer 
14 While supplies a packet received from the slave 3 to the 
streaming data transfer 15. 
[0084] The link controller 12 further receives each TPOLL 
value for data transfer With slaves 2 and 3 from the streaming 
data transfer 14 and the non-streaming data transfer 15. The 
link controller 12 executes data transfer With slaves 2 and 3 
via the packet transceiver 11 according to each received 
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TPOLL value of slaves 2 and 3. When receiving connection 
processing instructions (described later) from the connection 
processor 13, the link controller 12 makes a connection With 
a device having a Bluetooth function except slaves 2 and 3. 

[0085] The connection processor 13 Will be described here 
inafter. The connection processor 13 gives instructions to the 
link controller 12 to make a connection With a device having 
a Bluetooth function except slaves 2 and 3. 

[0086] The streaming data transfer 14 and the non-stream 
ing data transfer 15 each calculate a TPOLL value based on 
MTU values and data transfer rates of slaves 2 and 3 received 
from the link controller 12. Thereafter, the foregoing transfers 
14 and 15 returns the calculated result to the link controller 
12. The streaming data transfer 14 decodes the received 
streaming data of the slave 2, and thereafter, transfers audio 
data to the speaker 27. 
[0087] <Details of Processors 12 to 15> 
[0088] The foregoing link controller 12, connection pro 
cessor 13, streaming data transfer 14 and non-streaming data 
transfer 15 Will be described in detail. 

[0089] 
[0090] The details of the connection processor 13 Will be 
described. The connection processor 13 executes a connec 
tion processing. The connection processing is a processing 
such that the master 1 searches slaves existing around to 
create a state capable of making communications With those. 
If the master 1 functions as a slave in a scattemet, the con 
nection processing is a processing for creating a state capable 
of making communications With a master in the scatternet. 

[0091] For example, the foregoing connection processing 
includes inquiry processing, inquiry scan processing, page 
processing and page scan processing. The connection proces 
sor 13 gives instructions to execute the foregoing processings 
to an inquiry processor 19, an inquiry scan processor 20, a 
page processor 21 and a page scan processor 22. Hereinafter, 
the How of the foregoing connection processing Will be 
described. 

[0092] According to the connection processing, ?rst, the 
inquiry processing in the master 1 and the inquiry scan pro 
cessing in slaves 2 and 3 are executed. According to the 
inquiry processing, the master 1 searches slaves having a 
Bluetooth function existing around. The inquiry processing 
Will be described With reference to FIG. 8. FIG. 8 is a con 
ceptual vieW to explain an inquiry processing. As shoWn in 
FIG. 8, the master 1 transmits IQ packets including the access 
code shoWn in FIG. 5 using broadcast While changing a fre 
quency at a half speed of the slot. The IQ packet is a packet 
used for searching slaves. In response to the IQ packet, the 
slaves transmit an FHS packet, and then, the master 1 receives 
it. The foregoing series of processing is the inquiry process 
ing. FIG. 8 only shoWs a state the master transmits the IQ 
packet. Slaves 2 and 3 are positioned Within a distance of 
about 10 m from the master 1. 

[0093] The inquiry scan processing is a processing 
executed pairing With the inquiry processing. Namely, it is a 
processing until, in response to the IQ packet transmitted by 
the master 1, the slave transmits the FHS packet. FIG. 9 is a 
conceptual vieW to explain an inquiry scan processing. As 
illustrated in FIG. 9, slaves 2 and 3 received the IQ packet 
transmitted from the master 1 return an FHS packet to the 
master 1. The master 1 receives the FHS packet to grasp each 
existence of slaves 2 and 3. In this case, slaves 2 and 3 scan a 
frequency While changing the frequency at a speed sloWer 

<<Connection Processor 13>> 
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than a frequency change speed When the master 1 transmits 
the IQ packet. In this Way, slaves 2 and 3 can receive the IQ 
packet. 
[0094] The foregoing inquiry scan processing includes the 
following processing. Speci?cally, if the master 1 functions 
as a slave in the scattemet (see FIG. 2), the inquiry scan 
processing includes a series of processing from receiving the 
IQ packet to transmitting the FHS packet to the master of the 
scatternet. 

[0095] The foregoing IQ packet and FHS packet are trans 
mitted and received, and thereby, the master can grasp the 
existence of slaves and information related to the slaves. 
[0096] After the foregoing inquiry processing and inquiry 
scan processing, the master 1 executes a page processing and 
slaves 2 and 3 execute a page scan processing. The page 
processing is a processing for making a connection betWeen 
the master 1 and any of slaves 2 and 3 making a data exchange 
and existing around the master 1. FIG. 10 is a conceptual vieW 
to explain a page processing. First, the master 1 transmits an 
ID packet to slaves 2 and 3. Then, slaves 2 and 3 transmit the 
ID packet. When receiving the ID packet from slaves 2 and 3, 
the master 1 transmits an FHS packet including information 
on the master 1. In response to the transmitted FHS packet, 
the master 1 receives the ID packet transmitted from slaves 2 
and 3. Namely, the master 1 transmits ID packets and FHS 
packets to slaves, and receives the ID packets from slaves 2 
and 3, and thereby, speci?es the slave. In this Way, slave 
information is grasped. This is the page processing. In this 
stage, the master 1 grasps the existence of slaves 2 and 3. As 
shoWn in FIG. 10, the master 1 transmits an ID packet includ 
ing an access code to slaves 2 and 3 at half speed of one slot 
While changing the frequency to make a baseband connec 
tion. The ID packet includes information of slaves 2 and 3. In 
this case, the transmission destination of the ID packet is a 
slave, Which is selected as a data exchange With the master 1, 
of slaves searched according to the foregoing inquiry process 
ing and inquiry scan processing. FIG. 10 shoWs a state that the 
master transmits the ID packet and the FHS packet. 
[0097] The page scan processing is a processing pairing 
With the page processing. Speci?cally, When slaves 2 and 3 
receive the ID packet from the master 1 according to the page 
processing, slaves 2 and 3 transmit the ID packet in response 
to the ID packet transmission. And then, slaves 2 and 3 
received the FHS packet transmitted from the master 1 trans 
mit the ID packet. FIG. 11 is a conceptual vieW to explain a 
page scan processing. As depicted in FIG. 11, slaves 2 and 3 
receive the ID packet transmitted from the master 1 return the 
ID packet to the master 1. And then, When receiving the FHS 
packet transmitted from the master 1 received the ID packet, 
slaves 2 and 3 transmit the ID packet. In this case, slaves 2 and 
3 scan a frequency While changing the frequency at a speed 
sloWer than a frequency change speed When the master 1 
transmits the ID packet. In this Way, slaves 2 and 3 can receive 
the ID packet. Namely, reception of the ID and FHS packets 
from the master 1 and transmission of the ID packet to the 
master 1 are the page scan processing. Therefore, the page 
scan processing is a processing mainly executed When the self 
functions as a slave. 

[0098] The page scan processing includes the folloWing 
processing. Speci?cally, if the master 1 functions as a slave in 
the scatternet, the page processing includes a series of pro 
ces sing from reception of the ID packet from the master of the 
scatternet to transmission of the ID packet to the master of the 
scatternet. 
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[0099] After the foregoing inquiry processing/inquiry scan 
processing and page processing/page scan processing, a 
clock is synchronized betWeen the master 1, salves 2 and 3, 
and processings such as encryption of transmitted/received 
data and authorization are executed. In this Way, desired data 
transfer is possible betWeen the master 1, salves 2 and 3. This 
is the connection processing. 
[0100] The foregoing connection processing is executed to 
establish a Piconet, and thereafter, the master 1 recogniZes a 
pro?le of slaves 2 and 3. The pro?le shoWs the kind of data in 
Which the slave transfers to the master 1. Speci?cally, the 
master 1 recogniZes the pro?le from slaves 2 and 3, and 
thereby, con?rms the folloWing information. Namely, the 
slave 2 holds audio data, and the slave 3 holds data having no 
sense of real-time characteristic. 
[0101] <<Link Controller 12>> 
[0102] Referring again to FIG. 7, the details of the link 
controller 12 Will be described. As seen from FIG. 7, the link 
controller 12 includes a streaming data transceiver 16, a non 
streaming data transceiver 18, a scheduling unit 17, an inquiry 
processor 19, an inquiry scan unit 20, a page processor 21 and 
a page scan unit 22. 

[0103] <<Streaming Data Transceiver 16>> 
[0104] The streaming data transceiver 16 includes a con 
troller 34 and a transceiver 35. The transceiver 35 handles a 
streaming data packet of the slave 2 received from the packet 
transceiver 11. Then, the transceiver 35 supplies the stream 
ing data packet and transfer control data required for stream 
ing to the streaming data transfer 14. When receiving trans 
mission instructions of POLL packet or NULL packet from 
the controller 34, the transceiver 35 transmits POLL packet or 
NULL packet to the slave 2. 
[0105] The controller 34 makes a reservation for timing of 
transmitting the POLL packet every TPOLL to the scheduling 
unit 17 in order to receive streaming data from the slave 2. 
When the scheduling unit 17 alloWs the foregoing reserva 
tion, the controller 34 gives instructions to transmit the POLL 
packet to the slave 2 to the transceiver 35. When the trans 
ceiver 35 receives streaming data transmitted by the slave 2 in 
response to the POLL packet, the controller 34 determines 
that streaming data transfer is further required. In this case, 
the controller 34 makes a NULL packet transmission reser 
vation to the scheduling unit 17 in order to receive the next 
streaming data from the slave 2. When the scheduling unit 17 
alloWs the foregoing reservation, the controller 34 gives 
instructions to transmit the NULL packet to the slave 2 to the 
transceiver 35. 
[0106] <<Non-Streaming Data Transceiver 18>> 
[0107] The non-streaming data transceiver 18 Will be 
described. The non-streaming data transceiver 18 includes a 
controller 36 and a transceiver 37. The controller 36 and the 
transceiver 37 have the same function as the controller 34 and 
the transceiver 35 included in the streaming data transceiver 
16 except handling non-streaming data. Speci?cally, the 
transceiver 37 included in the non-streaming data transceiver 
18 handles a non-streaming data packet of the slave 3 received 
from the packet transceiver 11. Then, the transceiver 37 sup 
plies the non-streaming data packet and transfer control data 
required for streaming to the non-streaming data transfer 15. 
When receiving transmission instructions of POLL packet or 
NULL packet from the controller 3 6, the transceiver 37 trans 
mits POLL packet or NULL packet to the slave 3. 
[0108] The controller 36 makes a reservation for timing of 
transmitting the POLL packet every TPOLL to the scheduling 



US 2009/0161602 A1 

unit 17 in order to receive non-streaming data from the slave 
3. When the scheduling unit 17 allows the foregoing reserva 
tion, the controller 36 gives instructions to transmit the POLL 
packet to the slave 3 to the transceiver 37. When the trans 
ceiver 37 receives non-streaming data transmitted by the 
slave 3 in response to the POLL packet, the controller 36 
determines that non-streaming data transfer is further 
required. In this case, the controller 36 makes a NULL packet 
transmission reservation to the scheduling unit 17 in order to 
receive the next non-streaming data from the slave 3. When 
the scheduling unit 17 alloWs the foregoing reservation, the 
controller 36 gives instructions to transmit the NULL packet 
to the slave 3 to the transceiver 37. 

[0109] <<Inquiry Processor 19, Inquiry Scan Unit 20, Page 
Processor 21, Page Scan Unit 22>> 
[0110] The inquiry processor 19, inquiry scan unit 20, page 
processor 21 and page scan unit 22 Will be described beloW. 
[0111] When receiving inquiry processing instructions 
from the connection processor 13, the inquiry processor 19 
reserves an inquiry processing With respect to the scheduling 
unit 17. When the scheduling unit 17 alloWs the foregoing 
reservation, the inquiry processor 19 executes an inquiry 
processing via the packet transceiver 11. More speci?cally, 
the inquiry processor 19 reserves a transmission of an IQ 
packet, and When the reservation is alloWed, transmits the IQ 
packet from the packet transceiver 11. The inquiry processor 
19 further receives an FHS packet from slaves 2, 3 received 
the IQ packet via the packet transceiver 11. 
[0112] The inquiry scan unit 20 operates When the master 1 
itself simultaneously functions as a slave, and then, executes 
the foregoing inquiry scan processing. Speci?cally, When 
receiving inquiry scan processing instructions from the con 
nection processor 13, the inquiry scan unit 20 reserves an 
inquiry scan processing With respect to the scheduling unit 
17. When the scheduling unit alloWs the foregoing reserva 
tion, the inquiry scan unit 20 executes the inquiry scan pro 
cessing via the packet transceiver 11. More speci?cally, the 
inquiry scan unit 20 receives an IQ packet via the packet 
transceiver 11 from the master executing the foregoing 
inquiry processing. When receiving the IQ packet, the inquiry 
scan unit 20 reserves an FHS packet transmission. When the 
foregoing reservation is alloWed, the inquiry scan unit 20 
transmits the FHS packet from the packet transceiver 11. 
[0113] When receiving page processing instructions from 
the connection processor 13, the page processor 21 reserves a 
page processing With respect to the scheduling unit 17. When 
the scheduling unit 17 alloWs the foregoing reservation of the 
page processing, the page processor 21 executes a page pro 
cessing via the packet transceiver 11. More speci?cally, the 
page processor 21 reserves a transmission of an ID packet and 
an FHS packet, and When the reservation is alloWed, transmits 
the foregoing ID and FHS packets from the packet transceiver 
11. The page processor 21 further receives the ID packet 
transmitted from slaves 2, 3 received the foregoing ID and 
FHS packets via the packet transceiver 11. 
[0114] The page scan unit 22 operates When the master 1 
itself simultaneously functions as a slave, and then, executes 
the foregoing page scan processing. Speci?cally, When 
receiving page scan processing instructions from the connec 
tion processor 13, the page scan unit 22 reserves a page scan 
processing With respect to the scheduling unit 17. When the 
scheduling unit alloWs the foregoing reservation, the page 
scan unit 22 executes the page scan processing via the packet 
transceiver 11. More speci?cally, the page scan unit 22 
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receives an ID packet and an FHS packet via the packet 
transceiver 11 from the master executing the foregoing page 
processing. When receiving the foregoing ID and FHS pack 
ets, the page scan unit 22 reserves an ID packet transmission. 
When the foregoing reservation is alloWed, the page scan unit 
22 transmits the ID packet from the packet transceiver 11. 
[0115] If the foregoing connection processing is executed 
regardless of before and after a Piconet is formed, IQ packet 
transmission by the inquiry processor 19, FHS packet trans 
mission by the inquiry scan unit 20, ID and FHS packet 
transmission by page processor 21 and page scan unit 22 are 
executed When alloWance from the scheduling unit 17 is 
given. 
[0116] <<Scheduling Unit 17>> 
[0117] The scheduling unit 17 Will be described beloW. The 
scheduling unit accepts the reservation from the foregoing 
streaming data transceiver 1 6, non-streaming data transceiver 
18, inquiry processor 19, inquiry scan unit 20, page processor 
21 and page scan unit 22. When timing of alloWing the res 
ervation comes, the scheduling unit 17 alloWs the execution 
With respect to a processor making a reservation. If a plurality 
of reservations is made in the same slot, the scheduling unit 17 
selects any one of the reservations, and then, alloWs it. Inci 
dentally, the scheduling unit 17 previously gives execution 
timing With respect to reservations from various processors. 
[0118] The internal con?guration of the scheduling unit 17 
Will be described beloW. As shoWn in FIG. 7, the scheduling 
unit 17 includes a controller 30, a timer 31, a reservation 
acceptor 32 and a priority table 33. 
[0119] The reservation acceptor 32 accepts the folloWing 
reservations. One is a POLL packet transmission reservation 
With respect to slaves 2 and 3 by streaming and non-streaming 
data transceivers 16 and 18. Another is a data packet trans 
mission reservation. Another is a NULL packet transmission 
reservation. Another is a connection processing reservation 
from inquiry processor 19, inquiry scan unit 20, page proces 
sor 21 and page scan unit 22. 

[0120] The priority table 33 is held in a nonvolatile 
memory, for example. The priority table 33 holds a priority 
rank of the processing to be alloWed of the reservations 
accepted by the reservation acceptor 32. The priority table 33 
Will be described With reference to FIG. 12. FIG. 12 is a 
priority table 33 included in the scheduling unit 17. 
[0121] As seen from FIG. 17, the priority table 33 holds 
data shoWing relative priority With respect to the folloWing 
transmissions and processing. One is a POLL packet trans 
mission to a slave requiring streaming for each TPOLL. 
Another is a POLL packet transmission to a slave requiring no 
streaming for each TPOLL. Another is a NULL packet trans 
mission to a slave requiring streaming. Another is a connec 
tion processing to other device having a Bluetooth function 
by inquiry, inquiry scan, page and page scan processings. 
Another is a NULL packet transmission to a slave requiring 
no streaming. 
[0122] Speci?cally, the high priority order of the priority 
shoWn in FIG. 12 is as folloWs. 
[0123] 1: POLL packet transmission to slave 2 by stream 
ing data transceiver 16 
[0124] 2: POLL packet transmission to slave 3 by non 
streaming data transceiver 18 
[0125] 3: NULL packet transmission to slave 2 by stream 
ing data transceiver 16 
[0126] 4: Inquiry processing, inquiry scan processing, page 
processing and page scan processing 














